DC-DC converters occupies very significant role in the field of industries or daily life applications. To charge batteries of low voltage connected to uninterrupted power supply (UPS), DC-DC converters are needed. Batteries requires low voltage and the available voltage at the source is to be step-down to the required level of voltage at the point of utility (PoU). While designing DC-DC converters, efficiency and simplicity of the circuit is very much important. Simply for the UPS applications, Buck converter can deliver the voltage at required level which is very simple in operation but the increased losses in diode can be addresses by using a synchronous Buck converter. By using synchronous Buck converter, the diode conduction losses in Buck converter can be minimized, thus improving the efficiency of the converter. In this paper, Synchronous Buck converter is used to charge the batteries of UPS. In this paper Design, modeling of synchronous Buck converter for UPS application was done and its results were obtained by using Matlab/Simulink. A hardware prototype was also developed and the hardware results were also shown.
Introduction
Many DC-DC converters are available either to increase or to decrease the voltage from source to the point of utility. Choosing best suitable converter depending on the application is very crucial. Converters selected should have high operating efficiency, low cost, simple in construction. Many converters employs low switches to reduce the losses [1] [2] . Design of any converter depends on duty cycle [3] . Buck converter is very simple in construction and can effectively decrease the voltage level available at source to the voltage level which is required at the point of usage [4] . The main concept which should be kept in mind while designing a converter is the device reverse voltage, forward voltage drop and forward current. Where the rated reverse voltage should be at least 2V higher than the peak voltage at switch node and higher efficiency can be achieved when we have less voltage drop. The peak current rating of the device should be higher than the maximum output current through switch plus one-half the peak inductor current. Buck converter effectively step-down the level of voltage but the Buck circuit consists of diode. When the main switch is on, the diode does not conduct. But when the diode starts conduction, the losses that occur in diode, called conduction losses increases when the ON time of diode increase. Due to these conduction losses in diode, the efficiency of the converter might decrease. To increase the efficiency reducing the conduction losses, this paper proposes Synchronous Buck converter where the diode in the Buck converter is replaced with another switch in Synchronous Buck converter. The two switches in Synchronous converter are synchronously operated such that no overlap takes place in their ON time. The introduction of MOSFET over a diode typically reduces the drop from 0.5V to 1V of diode to a value of 0.3V or less. This inturn increases the efficiency of the converter by 5% or high [5] . Many switching techniques were discussed but very few were implemented for high power applications [6] [7] [8] [9] . ZVS switching technique, a method of soft switching has given better performance [10] [11] [12] . The basic diagram of such Synchronous Buck converter for UPS load application is shown in figure 1 . The available AC source is first to be converted to DC with a simple diode bridge rectifier. The rectified output is fed to DC-DC converter through a DC link voltage. This DC link voltage maintains constant DC voltage at the input of synchronous Buck converter. Synchronous buck converter circuit does not vary much but only the diode in normal buck converter is replaced with a switch generally MOSFET. This synchronous buck converter step-down the input voltage and charges the batteries to drive UPS. This paper discusses the application of Synchronous Buck converter to charge batteries of UPS with both open loop operation and closed loop operation. Results were obtained using Matlab/Simulink. The simulink results pertaining to normal buck converter with open loop and closed loop operations were also discussed.
Operation of converter
Both buck converter and synchronous buck converter is similar in operation but with diode in buck converter will be replaced with a switch in synchronous Buck converter. A simple schematic circuit of Buck converter is shown in figure 2 and synchronous buck converter is shown in figure 3 . The operation of buck converter mainly depends on the charging of inductor through switch and discharging of inductor through diode. While inductor is been discharged through diode, diode conducts over a period of time. Diode will have high conduction losses and this losses makes efficiency low. So due to the diode conduction, efficiency of buck converter is low. This problem can be eliminated if we can replace this diode with a switch having less conduction losses. This replacement of diode with a switch makes synchronous buck converter. Suppose, if the duty cycle is 25%, means the main switch conducts for 25% of the cycle time when compared to the 75% conduction time of switch S2 over a cycle. Since the conduction time of the secondary switch S2 is high when compared to S1, there will be losses present across switch S2 and this is the main criteria why we are going for synchronous buck converter. In a simple buck converter as shown in figure 3 , the diode conduction losses are high. Diode forward conduction losses are high when compares to MOSFET. The introduction of MOSFET over a diode typically reduces the drop from 0.5V to 1V of diode to a value of 0.3V or less. This in-turn increases the efficiency of the converter by 5% or high.
Design of converter
Vin is the source voltage and Is is the source current. S1 is the main switch, D is diode, L is inductor and C is capacitor. R is the load connected and V0 is the output voltage. When S1 is ON and diode OFF
When switch is OFF and
The average capacitor current is The above analysis describes nothing about the devices ideality and its control circuit. The switching losses are to be considered while selecting or designing the circuit components and ratings. Linearized to standard form
Small signal analysis of buck converter
Considering the values Vin= 320V, RL=0.2Ω, L=1.26mH, C=1.1µF, R0=25Ω With the above values, the transfer function was calculated and the Bode plot was obtained as: Here the model is simulated with 320V input voltage and the output voltage is observed. The simulink model was done according to the system parameters given in Table 1 . Figure 5 shows the simulink result of voltage across the main switch and the current passing through the main switch. The voltage across diode and the current through the diode are shown in figure 6 . We can observe when the main switch is in ON state, the voltage across main switch is observed to be 320V. Table 1 . In this model, the diode in normal Buck converter is replaced with a MOSFET. Figure 11 shows the simulink result of voltage across the main switch and the current passing through the main switch. The voltage across switch S2 and the current through the switch S2 are shown in figure 12 . We can observe when the main switch is in ON state, the voltage across main switch is observed to be 320V. Table 2 represents the inductor current ripple and capacitor voltage ripples. The nominal values which we have considered is that the inductor current ripple should be less than 5% and the capacitor voltage ripple should be less than 2%. Synchronous buck converter operates under satisfactory conditions with nominal specified ripple contents. A prototype of the proposed buck converter is developed in the hardware. The PWM pulses are generated by using a PWM controller IC SG3525A. The values of the components in hardware used are detailed in Table 3 .
V. simulation model and results

Conclusion
DC-DC converters play a very vital role in many of the applications especially in the field of power supply to low power requirements. In this paper we have considered the application of charging batteries to drive UPS. Many DC-DC converters are available and out of which, Buck converter is very simple in construction and can provide required output. Buck converter steps down the voltage to desired level at the output. But due to the usage of diode in its circuit operates the converter with losses due to so called conduction losses in diode. To minimize the conduction losses, the diode is replaced with a MOSFET switch which has very less conduction losses when compared to diode. This reduction in losses can improve the converter efficiency by 5% or more. In this paper, the model of synchronous Buck converter was presented with its design. Normal buck converter was also discussed with its output results. Simulink model of synchronous buck converter with both open loop and closed loop operation was presented along with its results. Also model of normal buck converter with both open loop and closed loop operation was presented along with its results. The capacitor voltage ripple and inductor current ripple content is also maintained below 2% and 5% respectively. The input of 320V is decreased to 150V and the results pertaining to this discussion were also shown. Closed loop operation brings the output of the converter to its final value in much less time when compared to open loop operation in both buck and synchronous buck converter which can be observed from the output results. Hardware prototype of the above said converter was designed and the results pertaining to the hardware were also shown in detail.
